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Description 

The invention relates to an electromechanical posi- 
tioning device tor exactly placing a tip means, particularly 
the tip of a needle-like probe, into a space of atomic order s 
at the surface of a sample, said device comprising a pi- 
ezo-tube having electrodes to be connected to variable 
voltages for the generation of movement actions of said 
tip means. 

A positioning device of this kind, constructed as a to 
piezo-mechanical device for positioning a tip means in a 
scanning tunneling microscope, is known from Review 
Sci. Inst. 63(1), Jan. 1992, pp. 263-264. In the device 
disclosed therein a support carrying a sample to be in- 
vestigated is frictionally mounted in a piezo-tube. Draw- 15 
backs of these devices are a comparatively complex 
construction, a comparatively high weight, their busi- 
ness, and the use of two different methods of movement 
for coarse and for fine positioning. 

A further moving device for positioning a sample to 20 
be analysed in the range of atomic order, particularly in 
a scanning tunneling microscope (STM), is disclosed in 
DE 36 10 540 Al, According to this prior art the sample 
is placed on three piezo-holders having electrodes to be 
connected to variable voltages for the generation of po- 25 
sitioning actions of said tip means. The distance between 
tip and sample can only be variied fine, that means in the 
range of the piezo-expansions. Coarse positioning ac- 
tions with this moving device are only possible laterally, 
say transverse to the movement of the sample relative 30 
to the tip means. 

A still further electromechanical positioning device, 
say micromanipulator, is disclosed in DE 33 22 504 A1 . 
The micromanipulator comprises piezo-holders for car- 
rying and moving the respective sample. For micromove- 35 
ments the holders are piezo-electrically adjustable. For 
respective macromovements at least one of the holders 
comprise a socket, which is piezo-electrically deforma- 
b(e, whereby in the socket a bolt is mounted to be fric- 
tionally movable in said piezo-holder responsive to var- 40 
iable voltages to be applied to the holder. Thus the sam- 
ple can be placed coarsely into a starting position for the 
required fine placing in relation to the tip of a needle-like 
probe or the like. 

!t is an object ot the invention to mitigate the draw- 45 
backs of the known electromechanical positioning devic- 
es. It is a further object to design the device so that no 
movements of the sample are required to position - say 
bring closer to or move away from, respectively - the tip 
means or the like into the space of atomic order at the so 
surface of the sample. The new device shall be con- 
structed so that practically no mechanical vibrations, no 
thermal drifts can happen and no respective damping 
systems are required. 

A device as claimed in the preamble of claim 1 is ss 
known from DE-A-36 10 540 or the- corresponding 
EP-A-0 239 085 respectively. 

The solution according to the invention is character- 



ized in that said tip means is connected to a low-mass 
support means, said support means is frictionally mount- 
ed to be movable along a friction surface in a longitudinal 
direction vertical to the surface of the sample, in side said 
piezo-tube, and said piezo-tube comprises means for 
transmitting electrically controllable movement actions 
to said support means in response to said variable volt- 
ages. Improvements and further developements of the 
invention are stated in the sub-claims. 

Since the device in accordance with the invention 
comprises a single electromechanical drive for coarse 
as well as for fine positioning of the probe, the device 
can be comparatively small and of low weight, and is 
electrically controllable in a simple manner in that coarse 
and fine positioning can be realised automatically in a 
single action using only different control signals. 

In a preferred embodiment the low-mass support is 
mounted in a friction holder under such a friction that, 
owing to its mass, it does not follow comparatively rapid 
longitudinal movements of the friction holder but it does 
follow comparatively slow movements of said holder. 
Such an embodiment enables coarse positioning of the 
moving-tip relative to the sample, preferably with a step- 
wise movement of the moving-tip owing to the compar- 
atively stow movement of the holder and intermittent fast 
movements thereof. Preferably, a friction surface forms 
part of an intermediate element connected to a free end 
of a cylindrical part of the holder. Still more preferably the 
flexible low-mass support has a bended shape with only 
a few points of contact to the holder so that the friction 
can be adjusted. 

According to the invention not the relatively heavy 
sample but the low-mass support means comprising the 
tip means, say a moving-tip, particularly the tip of a nee- 
dle-like probe, is moved for a coarse as well as for a fine 
adjustment in 'the direction vertically to the surface of the 
sample to be investigated. Furthermore, not a rigid bolt 
for raising or lowering the heavy sample but a light wire 
or the like, itself only, is to be lifted or lowered according 
to the invention. 

To be frictionally movable in said piezo-holder or in 
a friction holder position inside said piezo-holder the 
low-mass support means or the friction holder (at its in- 
ner surface) or both may comprise intermediate ele- 
ments (e.g. pinched portions). Even more preferred, the 
support means may have an elastically bended shape, 
so that it frictionally contacts the inside of the respective 
holder at least at three contact areas. In the first case the 
intermediate elements particularly are comprised of 
three knobs, one in the middle and one at each end of 
said support means (within the friction holder) or the in- 
ner surface of the respective holder, and projecting al- 
ternately at the one and at the other side of the support 
means or at both sides each. In the more preferred case 
the low-mass support means is also comprised of a lon- 
gitudinal member, particularly an elastic needle-iike wire 
but in this case the support means has an elastically 
bended shape so that it frictionally contacts the inside of 
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the respective holder at least at three contact areas. The 
respective frictional strength - say the intensity of friction- 
al force - particularly in the latter case is adjustable by 
altering the grade of elastic bending. 

The friction holder, particularly its inside surface, is 
preferably made of glass or a ceramic material, if nec- 
essary the tip means can be electrically contacted via 
the low-mass support means by a thin cable at the lower 
end of said support means. Also preferably the friction 
holder (or its inside surface) is made of a metal. To pro- 
duce the desired trictional force the metal, preferably a 
metal coating, shows a specially prepared sur- 
face-roughtness inside too. In this case the tip means 
can be electrically contacted (if necessary) via the 
low-mass support means and said metal-friction holder. 
The cable is then fixed at the lower end of the metal-fric- 
tion holder and the low-mass support means comprising 
the tip means can easily be replaced, because it is not 
fixed anywhere. 

One advantage of the piezo-tube of the invention is 
that this tube can enclose or surround' a friction hoider 
which is particularly 'tube-like too. In said f riction holder 
the low-mass support means can be mounted under fric- 
tion, whereby the term "low-mass" is defined by the ratio 
between said friction and the weight of said low-mass so 
that the support means does not follow comparatively 
rapid movements of said friction holder but follows com- 
paratively slow movements of said holder 

Another advantage of the electromechanical posi- 
tioning device of the invention is that said piezo-tube can 
be coaxially surrounded by a further piezo-tube for scan- 
ning the (relatively heavy) sample latterally - say trans- 
verse to the movement actions of said support means - 
relative to the tip means. In principle the outer piezo-tube 
can be formed by three or more piezo-holders but it is 
preferred to use a tube-like holder which consists essen- 
tially of one piece of material, so that an outer coaxial 
tube can thermally and mechanically protect the posi- 
tioning device placed inside. This design reduces the 
size of the whole device strongly, so that it is nearly in- 
sensitive against mechanical vibrations. The length of in- 
ner and outer piezo-tube should be at least substantially 
the same and both can be mounted on a common sup- 
port. In that sense no thermal expansion problems will 
occur as long as the entire device is at the same temper- 
ature, which is easy to achieve, especially because there 
are only electrical connections. In this setup the sample 
can be easily put on said outer piezo-tube without any 
complicated preparation. This can even be done auto- 
matically. 

In order to achieve purely electrically controlled po- 
sitioning, a preferred embodiment comprises a pie- 
zo-tube having an inner and an outer control electrode 
in order to realise said longitudinal movement or adjust- 
ment of the low-mass support. Preferably, a friction sur- 
face forms part of an element of a non-piezo-active ma- 
terial connected to a free end of the positioning pie- 
zo-tube. In such an embodiment one-directional move- 



ment or adjustment of the moving-tip can be obtained 
easily by electrical activation of the piezo-tube. For this 
purpose, in a preferred embodiment, the control elec- 
trodes are connected to a sawtooth generator. The sup- 

5 port means can follow the gradual slopes of the sawtooth 
pulses but is not capable. of following the steep slopes. 
Thus, ail the longitudinal positioning movements result 
in the tip-sample spacing being adjusted by merely mov- 
ing the extremely light-weight support means. No further 

10 mass must be moved. 

A further embodiment comprises control means for 
controlling the sawtooth pulses in response to a prede- 
termined current between said tip means and the respec- 
tive sample, preferably said current is subsequently sta- 

1 $ bilised by the means of a control loop. Such a control 
means enables the tip means to be positioned automat- 
ically without a break whereby the activation of the pie- 
zo-tube is interrupted at a given distance (tip-means / 
sample) and subsequently fine positioning, starting at 

20 the position then reached, is effected by adapted activa- 
tion of the same piezo-tube, preferably with a signal de- 
rived from the tip means position. 

Change-over from a first positioning range to a fur- 
ther one preferably is effected by a sawtooth -pulse con- 

2S trol signal generated as a function of a predetermined 
moving-tip-to-sample spacing. From a situation thus 
reached a further positioning range is available, for ex- 
ample during scanning in a scanning tunneling electron 
microscope. 

so A piezo-mechanical device in accordance with the 
invention is very useful for all kinds of probe-scanning 
microscopes such as a scanning tunneling microscope, 
an atomic force microscope, a magnetic force micro- 
scope etc. The device is also very suitable for a field elec- 
ts tron gun, in which the tip means functions as the elec- 
tron-emitting element, and for exactly positioning an op- 
tical element such as a mirror in an optical apparatus, 
particularly in an interferometer. 

Some embodiments of the invention will be de- 
<to scribed in more detail hereinafter with reference to the 
accompanying drawings. In the drawings 

Figure 1a and lb shows diagrammatically a 
piezo-mechanical device in accordance with the 

45 invention; 

Figure 2 shows some control signals and the result- 
ing movements in the device; 
Figure 3 shows an electronic circuit for generating 
the control signals and 

so Figure 4 shows diagrammatically an alternative 
embodiment of a piezo-mechanical device in 
accordance with the invention. 

A device in accordance with the invention as shown 
55 jn Figures 1a and 1b comprises a piezo-tube 2 having 
two control electrodes 4 and 6. The piezo-tube 2 includes 
a non-piezo mounting tube 8, which tube f unctions as a 
friction holder for a needle- or wire-shaped support 
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(means) 10 supporting a tip means, particularly mov- 
ing-tip 12. The end 14 of the support 10 opposite to the 
moving-tip 12 projects freely from the friction holder 8. 
The support 1 0 is made of low-mass wire and is mounted 
in the friction holder 8 under a given friction. The defini- 
tion of the magnitude of this friction in relation to the low 
mass of the wire is mentioned above. 

To obtain the desired friction in a first embodiment 
the support 10, the friction holder 8 or both may be pro- 
vided with pinched portions 11 a. Figure la shows these 
intermediate elements or pinched portions 11a in the 
form of three knobs positioned in the middle and one at 
each end of the support 1 0 within the mounting or friction 
holder 8, They are projecting alternately to one or the 
other side of this support 10 or to both sides of which. 

In a further embodiment the low-mass support 1 0 or 
wire has a bended shape with only a few points or areas 
of contact to the inside of the friction holder 8, particularly 
three contact sites or areas 11b as shown in Figure 1b. 
Particularly in this embodiment the degree or intensity of 
friction between support 10 and friction holder 8 can be 
adjusted by bending the wire or support 10 appropriately. 
The wire-shaped support 10 preferably should have a 
diameter of about 0.25 mm and may be made of Pt-lr, 
which is a preferred material for a tip means in a scanning 
tunneling microscope. The height L of the wire can vary, 
for example, between about 4 and 10 mm dependent on 
different applications. For the purpose of positioning the 
moving-tip the friction holder 8 can be fixed to the pie- 
zo-tube 2 by for example a bonding glue 18 which glue 
shouid be rigid and should have a low mass to allow rapid 
movements. 

Mounted with the correct friction the wire-shaped 
support 10 will follow piezo movements . - because of its 
low mass - if the acceleration does not -exceed, for ex- 
ample, 10 3 m/s 2 resulting from a friction-force/sup- 
port-mass ratio of approximately 15 mN/15 mg. In order 
to move the moving-tip towards a sample 20 a sawtooth 
voltage according to Figure 2 is applied to the electrodes 
of the piezo-tube. During the fast contraction, or fast ex- 
pansion, of the piezo-tube 2 and thus of the friction holder 
8, for example with an acceleration of about 10 4 m/s 2 , 
the supporting wire 10 remains in position owing to its 
inertia. It is obvious that the force of gravity of 10 m/s 2 
has no substantial influence on the operation. 

During the slow expansion or contraction brought 
about by the slow slope of the control sawtooth the sup- 
port is moved so that the tip means can be brought ap- 
proximately to a given spacing from the sample. Thus, 
coarse positioning is effected, the sawtooth control sig- 
nal merely being inverted to increase or decrease the 
spacing. A given tunneling current from the tip means 
can be used as the control criterion to approach to an 
operational position. From that point the desired fine po- 
sitioning of a tip means can be effected by any method 
known per se using a standard feedback control as de- 
scribed with reference to Figure 3. The sample 20 is pref- 
erably supported by a second piezo-tube 22 mounted - 



particularly coaxialiy and / or at a proper distance around 
the piezo-tube 2 - on a base plate 24 which also carries 
the first piezo-tube 2. The base plate 24 is preferably 
made of a material having thermo-mechanica! properties 
5 similar to those of the piezo-materiai. Thus, all thermal 
influences on the spacing between moving tip 12 and 
sample 20 are avoided as long as the entire device is at 
the same temperature. The second piezo-tube 22 is pref- 
erably provided with the well known quadrant control 

10 electrodes, enabling X-Y scanning of the sample relative 
to the tip means, as is known from Surface Sci. 181, 
1987, pages 145-153, At the second piezo-tube 22 a 
supporting ring 26 may be fixed for well defining the po- 
sition of the sample. 

is For the sake of clarity Figure 2 shows the move- 
ments of the tip means obtained by means of the saw- 
tooth control signaf, the tip movement being given as a 
function of time t in a comparative fashion because a 
zero value is not relevant here. For example a traject Pi 

20 indicates 100 nm and a traject ti indicates 10 msec. In a 
time interval 30 gradual slopes of a sawtooth control 
pulse introduce comparatively slow friction holder move- 
ments 34 whilst steep slopes of the sawtooth pulse in- 
troduce fast movements 36 of the friction holder. The 

2S low-mass support 10 only follows the first-mentioned 
movements, as a result of which the moving-tip is moved 
to the sample 20 along a line 35, whilst the support 10 
and hence the moving-tip remain stationary during the 
fast movements 36. This proceeds until a given spacing 

30 d is reached. At that instant the sawtooth signal is inter- 
rupted automatically by the aid of a moving-tip-correlated 
signal, for example a tunnel-current signal provided by 
a probe-tip. During a time interval 40 the position of the 
moving-tip is stabilised. The distance d is thus stabilised, 

05 for example during scanning of the sample, by the aid of 
a known feedback control loop. Such a control loop can 
easily handle a relatively large variation occurring during 
scanning and also allows a rapid change-over to a further 
scanning field. 

40 When sample examination has been compfeted the 
tip means is removed from the sample in a time interval 
42, in which an inverted sawtooth control signal of which 
slowly falling slopes introduce movements 44 which are 
followed by the low-mass support 10 and steep rising 

4 $ slopes which give rise to fast movements 46 which are 
not followed by the support 1 0. This results in the support 
1 0 being forced to move away from the sample 20 along 
a line 48 until a safe distance for parking, for example as 
required for sample changing, is reached. 

so Figure 3 shows a control circuit for coarse and fine 
positioning of a moving-tip. A feedback loop comprises 
a logarithmic amplifier 50, an integrator 52 with a feeding 
control 54 and a tunneling current control 56 for adjusting 
a tunneling current between a sample 55 and a tip means 

55 57. The feedback control is followed by two Schmitt trig- 
ger circuits 58. A follower 66 and an inverter 68, double 
the control range for the piezo structure 72. A power sup- 
ply of for example, 18 V can be used to avoid problems 
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with high voltage supplies, in the circuit; S1 sets a tunnel 
voltage, S2 adjusts the tunnel current, which has a pos- 
itive value for tip means approach and a negative value 
for tip means removal, and S3 defines the loop band- 
width and the approach velocity of the tip. Si , S2, S3 can 5 
be replaced by voltage controlled resistors or the like for 
automatical operation. 

As shown in Figure 4, in an alternative embodiment 
the control electrodes 4 and 6 each have a from of a cy- 
lindrical tube and are positioned at the outer wall and the 10 
inner wall, respectively, of the piezo-tube 2. Expansion 
or contraction. of the piezo-tube 2 is achieved in that a 
voltage is applied to control electrodes 4 and 6 so that 
the wall of the piezo-tube 2 contracts or expands in a 
radial direction. Because of. volume conservation, con- is 
traction or expansion in said radial direction induces ex- 
pansion or 'contraction, respectively, along the longitudi- 
nal axis of the piezo-tube 2. 

A device as shown in Figure 1 a or b can readily con- 
stitute the heart of a scanning tunneling microscope 20 
(STM) as described in Appl. Phys, Lett. 40 ( 1 982), p. 1 78. 
The device can be placed in a dewar to obtain a fixed 
temperature or at least the same temperature for all the 
relevant elements, but this has proved not to be neces- 
sary here. The device is powered via comparatively thin ? 5 
wires for a better thermal control and to avoid vibration 
problems. If the resonant frequency of the device is ap- 
proximately 10 kHz a damping over 150 dB can be 
reached at a frequency of 1 Hz, making the measure- 
ment set-up highly vibration free. The bandwidth of the 00 
feedback loop is limited only by the first-order longitudi- 
nal resonance of the inner piezo-tube structure and may 
reach approximately 100 kHz, allowing a scanning 
speed of up to 100,000 pixels per second or four 128 x 
1 28 pixel frames per second. 35 

i An STM in accordance with the invention combines 
high mechanical and thermal stability with a high speed 
of operation and a very easy sample mounting. Neither 
the mechanical nor the electronic system requires the 
use of any high-precision parts. The STM positioner con- 40 
sists of no more than five parts: a baseplate, an X-Y 
scanner tube, a Z-piezo-tube, a friction holder and a 
low-mass support. Unlimited-range X-Y and 2 coarse 
positioning is possible by applying sawtooth voltages to 
the piezo-tubes, utilizing the principle of friction and in- 45 
ertial sliding. The electronic system uses standard 
low-cost operational amplifiers, voltages above 20 V be- 
ing avoided. The simple and compact construction of the 
STM with few electrical connections opens up many new 
applications such as low-temperature STM, ultrahigh so 
vacuum STM, automatic sample measurement in test 
bays, etc. 

A device in accordance with the invention is also 
very suitable for positioning an electron emitter in a field 
electron gun as disclosed in US 3,864,572. Mounting as 55 
well as adjustment upon operational degradation of such 
an emitter can be effected easily by means of the posi- 
tioning device. Control is possible by means of the de- 



sired electron current or a signal derived from this elec- 
tron current. 

A positioning device in accordance with the inven- 
tion can also bo used for positioning, for example, a mir- 
ror or any other optical element in a precision optical sys- 
tem such as an interferometer as disclosed in EP 
491 ,435, Such a device without the scanning means as 
shown in Figure 1 a and b can be mounted easily into 
such an optica! system and can be used as well for the 
final adjustment, for wavelength control and for assem- 
bly. 

According to the invention an electromechanical po- 
sitioning device to be used for positioning, for example, 
a probe-tip (12) in a scanning tunneling microscope, an 
electron emitter in a field electron gun, a mirror in an 
interferometer etc. comprises a low-mass support (10) 
as a moving drive means. The support, which is mounted 
to be frictionally movable in an electromechanical move- 
ment activating means, can be moved comparatively fast 
owing to its low mass and very precisely because its re- 
sponse to the movement force is controlled by sawtooth 
control pulses, preferably via a piezo-mechanical struc- 
ture. 



Claims 

1. An electromechanical positioning device for exactly 
placing a tip means (12), particularly the tip of a nee- 
dle-like probe, into a space of atomic order at the 
surface of a sample (20), said device comprising a 
piezo-tube (2) having electrodes (4,6) to be con- 
nected to variable voltages for the generation of 
movement actions of said tip means, characterized 
in that said tip means (12) is connected to a 
low-mass support means (10), said support means 
is frictionally mounted to be movable along a friction 
surface in a longitudinal direction vertical to the sur- 
face of the sample, in side said piezo-tube (2), and 
said piezo-tube comprises means for transmitting 
electrically controllable movement actions to said 
support means (10) in response to said variable volt- 
ages. 

2. A positioning device according to claim 1 , charac- 
terized in that said piezo-tube (2) surrounds - partic- 
ularly closely fitting - a friction holder (8), which is 
particularly tube-shaped too, and said low-mass 
support means (10) is mounted longitudinal mova- 
ble inside said friction holder (8) under a frictional 
force, whereby the ratio between said f rictionai force 
and said low-mass is that the support means does 
not follow comparatively rapid movements of said 
friction holder but does follow comparatively slow 
movements of said holder (8). 

3. A positioning device according to claim 1 or 2, chra- 
cterized in that said friction surface forms part of 
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pinched portions or intermediate elements (11a) 
connected to said low-mass support means (10), or 
the inner surface of said friction holder (8) or both of 
them, particularly said intermediate elements (11a) 
are comprised of three knobs, one in the middle and 5 
one at each end of said support means (10) or holder 
(8), within said friction holder (8), and projecting 
alternately at one and the other side of the support 
means (TO) or at both sides each. 

10 

4. A positioning device according to claim 1 or 2, chara- 
cterized in that said low-mass support means (10) 
is comprised of a longitudinal member, particularly 
an elastic needle-like wire, having an elastically 
bended shape so that it frictionally contacts the 15 
inside of the friction holder (8) at least at three con- 
tact areas (11b), the frictional strength - say the 
intensity of frictional force - being adjustable by alter- 
ing the grade of elastic bending. 

20 

5. A positioning device according to at least one of 
claims 1 to 4, chracterized in that said piezo-tube 
(2) has electrodes (4, 5) connected to a sawtooth 
generator producing said movement actions, said 
low-mass support means (10) being responsive to 2S 
slow movements and being not responsive to fast 
movements of the friction holder (8). 

6. A positioning device according to claim 5, charac- 
terized in that means are provided to control the 30 
sawtooth pulse of said generator in response to a 
predetermined signal applied by the tip means (1 2), 
said predetermined tip means signal subsequently 
being stabilised by means of a control bop. 

35 

7. A positioning device according to claim 6, charac- 
terized in that changing over to a subsequent posi- 
tioning range of the tip means (.12) is effected by 
means of a sawtooth-pulse control signal generated 

in dependence of the tip-means-to-sample spacing 40 
(d). 

8. A positioning device according to at least one of 
claims 1 to 7, characterized in that said piezo-tube 

(2) is surrounded, particularly coaxiaiiy and / or in a *s 
proper distance, by a further piezo-tube (22) for 
scanning the sample (20) laterally - say transverse 
to the movement direction of said support means 
(10) - relative to the tip means (12). 

so 

9. A positioning device according to at least one of 
claims 3 to 8, characterized in that said friction 
holder (8), particularly the inside coating of which, is 
made of glass, a ceramic material or a metal, having 

a predetermined surface-roughness at the inside ss 
surface to produce the required frictional force. 

10. A scanning tunneling electron microscope provided 



with a positioning device as claimed in any one of 
the preceding claims, for coarse as well as fine posi- 
tioning of a tip means relative to a sample to be 
examined, 

11. A field electron source provided with a positioning 
■ device as claimed in any one of the claims 1 to 9, for 

positioning an electron emitter relative to a control 
electrode of the electron source. 

12. An optical instrument wherein an optical element to 
be positioned with a high precision is provided with 
a positioning device as claimed in any one of the 
claims 1 to 9. 



Patentanspruche 

1. Eine eiektromechanische Positionierungsvorrich- 
tung zum exakten Positionieren einer Spitze (12), 
insbesondere der Spitze einer nadelahnlichen 
Sonde, bis in einen Bereich atomarer GroBenord- 
nung auf einer Oberflache eines Objekts (20), wobei 
die genannte Vorrichtung eine Piezo-Rdhre (2) ent- 
halt, die Elektroden (4, 6) zum AnschluB an variable 
Spannungen zur Erzeugung von Bewegungsaktk> 
nen der genannten Spitze besitzt, 

dadurch gekennzeichnet, 

daB die genannte Spitze (12) mit einer Haftevorrich- 
tung (10) niedriger Masse verbunden ist, daB die 
genannte Haitevorrichtung reibend in derbesagten 
Piezo-Rdhre gelagert ist urn entlang einer Rei- 
bungsoberftache in Langsrichtung senkrecht zu der 
Oberflache des Objekts bewegbar zu sein und daB 
die besagte Piezo-Rdhre Mitt el fur die Erzeugung 
und Ubertragung elektrisch kontrollierbarer Bewe- 
gungsaktionen auf die genannte Haitevorrichtung 
(10) als Reaktion auf besagte variable Spannungen 
enthalt. 

2. Eine Positionierungsvorrichtung nach Anspruch 1 
dadurch gekennzeichnet, 

daB die besagte Piezo-Rdhre (2) einen Reibungs- 
halter (8) vorzugsweise nahezu passend umgibt, 
der vorzugsweise ebenfalls rohrenformig ist und die 
genannte Haitevorrichtung niedriger Masse (1 0) rei- 
bend und longitudinal bewegbar in dem genannten 
Reibungshalter (8) mit einer Reibung gelagert ist, 
wobei das Verhaltnis zwischen der genannten Rei- 
bung und der genannten niedrigen Masse so ist, daB 
die Haitevorrichtung verhaltnismaBig schnellen 
Bewegungen des genannten ReibungshaJters nicht 
folgt, dagegen aber verhaltnismaBig iangsamen 
Bewegungen des genannten Reibungshaltors (8) 
folgt. 

3. Eine Positionierungsvorrichtung nach Anspruch 1 
oder 2 
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dadurch gekennzeichnet, 

daB die genannto Roibungsoberflache einen Teil 
von gequetschten Abschnitten odor Zwischenele- 
manten (11a) btldet, die mit der genannten Haltevor- 
richtung (10) verbunden sind Oder daB die innere 5 
Oberfiache des genannten Reibungshalters (8) oder 
beide, vorzugsweise die genannten Zwischenele- 
mente (11a) drei Knoten enthatten, einer in der Mitte 
und je einer an jedem Ende der genannten Halte- 
vorrichtung (10) oder des Halters (8), innerhalb des io 
genannten Reibungshalters (8), die -ab'wechsalnd 
auf der einen und der anderen Seite der Haltevor- 
richtung (10) oder auf beiden Seiten jeweils heraus- 
ragen. 

4. Eine Positionierungsvorrichtung nach Anspmch 1 
oder 2 

dadurch gekennzeichnet, 

daB die genannte Haltevorrichtung (10) durch ein 
Langselement gebildet wird, vorzugsweise durch 20 
einen elastischen nadeiahnlichen Draht, der eine 
etastisch gebogene Form hat, sodaB er die Innen- 
soite des Reibungshalters (8) an mindestens drei 
Kontaktpunkten (11b) reibend beruhrt und daB die 
Starke der Reibung, sprich Intensitat der Reibungs- 25 
kraft, durch Verandern des Grades der elastischen 
Biegung einstellbar ist. 

5. Eine Positionierungsvorrichtung nach mindestens 
einem der Anspruche 1 bis 4 30 
dadurch gekennzeichnet, 

daB die genannte Piezo-Rohre (2) Elektroden (4, 6) 
besitzt die an einen Sagezahngenerator ange- 
schlossen sind, der die genannten Bewogungen 
erzeugt, daB die genannte Haltevorrichtung niedri- 3$ 
ger Masse (10) langsamen Bewegungen folgt, und 
schnellen Bewegungen des Reibungshalters (8) 
nicht folgt. 



dadurch gekennzeichnet, 

daB die genannte Piezo-Rohre (2), vorzugsweise 
koaxial und / oder in einem angemessenen Abstand, 
von einer weiteren Piezo-Rohre (22) umgeben ist 
zum laterale Abtasten des Objektes (20), das heiBt 
transversal zur Bewegungsrichtung der genannten 
Haltevorrichtung (10) - in Bezug zur Spitze (12). 

9. Eine Positionierungsvorrichtung nach mindestens 
einem der Anspruche 3 bis 8 

dadurch gekennzeichnet, 
daB der genannte Reibungshalter (8), vorzugsweise 
dessen innerer Belag, aus Glas, einem keramischen 
Material oder einem Metall gemacht ist, das eine 
vorherbestimmte Oberflachenrauhigkeit auf der 
inneren Oberfiache hat, um die erforderliche Rei- 
bungskraft zu erzeugen. 

10. Ein Raster-Tunnel-Elektronen-Mikroskop ausge- 
stattet mit einer Positionierungsvorrichtung nach 
mindestens einem vorgenannten Anspruche fur die 
Grob- als auch fur die Feinpositionierung einer 
Spitze in Bezug zu einem zu untersuchenden 
Objekt. 

11. Eine Feld-Elektrone-nquolle ausgestattet mit einer 
Positionierungsvorrichtung nach mindestens einem 
der Anspruche 1 bis 9 fur die Positionierung eines 
Eiektronen Emitters in Bezug zu einer Kontrollelek- 
trode der Elektronenquelle. 

12. Ein optisches Instrument, in dem ein optisches Ele- 
ment mit hoher Prazision zu positionieren ist, das 
mit einer Positionierungsvorrichtung nach minde- 
stens einem der Anspruche 1 bis 9 ausgestattet ist. 



Revendications 



6. Eine Positionierungsvorrichtung nach Anspruch 5 40 
dadurch gekennzeichnet, 

daB Mitte! bereitgestellt werden um die Sagezahn- 
impulse des genannten Generators als Antwort auf 
ein vorbestimmtes Signal, das von der Spitze (12) 
erzeugt wird, zu kontrollieren, sodaB das genannte ^ 5 
Spitzensigna! infolgedessen durch eine Regelungs- 
schleife stabilisiert wird. 

7. Eine Positionierungsvorrichtung nach Anspruch 6 
dadurch gekennzeichnet, 50 

daB der Wechsel zu einem anschlieBenden Positio- 
nierungsbereich der Spitze (12) durch Mittel des 
Sagezahnimpuls-Steuersignals bewirkt wird, das in 
Abhangigkeit des Abstandes Spitze-Objekt (d) 
erzeugt wird. 55 

8. Eine Positionierungsvorrichtung nach mindestens 
einem der Anspruche 1 bis 7 



1. Un equipement de position electrique, pour le pla- 
cement exacted'une pointe (12), en particulier d'un 
bout pointu d'une sonde ressemblant a une aiguille, 
jusqu'a un ecart atornique au surface d'une objet 
(20), y compris un tube de Piezo (2), lequel possede 
des electrodes (4, 6) pour la liaison aux tensions 
variables pour generer de mouvements de la pointe 
caracterise, 

en ce que ladite pointe (12) est liee avec un 
support a masse basse (10), ainsi que par le fait que 
ce support est positionne dans le tube de Piezo 
d'une fagon qu'il peut faire des mouvements pour 
etre variable sur le surface de force de frottement 
en direction verticale par rapport au surface de 
I'objet et par le fait que ledit tube de Piezo (2) con- 
sent des moyens pour la production et transmission 
des mouvementes controllables electriquement sur 
ledit support (10) en reponse desdits tensions varia- 
bles. 
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2. Un equipement de position suivant la revendication 
1 

caract6rise\ 

en ce que iedit tube cle Piezo (2) entour un sup- 
port de frottement (8) de preference de maniere 
exacte, qui tui aussi est de preference en forme de 
tube et dans lequef Iedit support a masse basse (10) 
est positionne en frottant en direction longitudinal, si 
tant est que la relation entre Iedit frottement et ladite 
masse est ainsi que le support ne suit pas des mou- 
vements relativement vites dudit support de frotte- 
ment mais par contre suit des mouvements relative- 
ment lents du support de fixation (8). 

3. Un equipement de position suivant fa revendication 
1 ou 2 

caracterise, 

en ce que des sections pressees ou des ele- 
ments intermediaires (1 1 a) torment une partie dudit 
surface de frottement, qui sont liees avec Iedit sup- 
port a masse basse (1 0) ou que, soit le surface inte- 
rieur dudit support de frottement (8), soit - de prefe- 
rence - lestdits elements intermediaires, soit tous les 
deuxpossedenttroisnoeuds dont Tun est positionne 
dans le milieu, un autre a chaque cote de la fin dudit 
support a masse basse (10) ou du support (8), a 
I'interieur dudit support de frottement (8), ces 
noeuds font saillies altemativement d'un cote a 
['autre du support ( 1 0) ou alors font saillies des deux 
cotes, 

4. Un equipement de position suivant la revendication 
1 ou 2 

caracterise, 

en ce que iedit support a masse basse (10) et 
forme par un element longitudinal, de preference 
d'un fil elastique ressemblant a une aiguille' qui est 
en forme de courbe elastique, de maniere se qu'il 
touche en frottant les cotes interieurs du support de 
frottement (8) a au moins trois points de contact 
(11b), et que cette puissance de frottement, c'est a 
dire Tintensite de la force de frottement est ajustable 
par un changernent du degr£ de la courbe elastique. 

5. Un equipement de position suivant les revendica- 
tions 1 a 4 

caracterise, 

en ce que Iedit tube de Piezo (2) possede des 
electrodes (4, 6) qui sont lies a un generateur de 
dents qui forme lesdits mouvements, ainsi que iedit 
support de fixation a masse basse (10) suit aux mou- 
vements lentes, et ne suit pas aux mouvements 
vites du support de frottement (8). 

6. Un equipement de position suivant la revendication 
5 

caracterise, 

en ce que des moyens sont mis a la disposition 



pour pouvoir diriger les impulses de dents dudit 
generateur comme reponse a un signal prdscrit qui 
est procree du bout pointu (12), que Iedit signal du 
bout pointu est ainsi stabilisee par un circuit de 
5 reglage. 

7. Un equipement de position suivant la revendication 
6 

caracterise, 

to en ce que la transpiration a un autre areal de 

mise en position de la pointe (12) est effectuee par 
le moyen du signal pilot© de ('impulse de dents, 
qu'est produit en dependance de la distance de la 
pointe a I'objet 

8. Un equipement de position suivant les revendica- 
tions 1 a 7 

caracterise, 

en ce que Iedit tube de Piezo (2) est entoure, 
20 de preference coaxialement et/ou dans une dis- 
tance adequate, d'un second tube de Piezo (22) 
pour Texploitation lateral, c l est a dire transversal par 
rapport la direction du mouvernent dudit support a 
masse basse (10) - refatif a la pointe (12). 

25 

9. Un equipement de position suivant les revendica- 
tions 3 a 8 

caracterise, 

en ce que Iedit support de frottement (8), de 
30 preference son doublage interieur, est fait de verre, 
ou d'un materiel ceramique ou de metal, lequel a 
une rugosite" de surface prescrite sur le surface inte- 
rieur pour produire la force de frottement neces- 
saire. 

35 

10. Une microscope electronique a effet tunnel a 
balayage muni d'un equipement de position suivant 
au moins une des revendications precedentes pour 
ia mise en position c'est & dire le reglage approxi- 

40 matif ainsi que pour le reglage a precision d'une 
pointe relative a un objet. 

1 1 . Une emission de champ source d'electrons suivant 
au moins une des revendications 1 a 9 pour la mise 

45 en postion d'un emitteur d'electrons relatif a une 
electrode de controle de la source d'eiectrode. 

12. Un instrument optique, dans lequei est pose un ele- 
ment optique avec une haut precision, qu'est muni 

so d'un equipement de position suivant a moins une 
des revendications 1 a 9. 
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